Introduction. Different materials like metal, ceramics and polyethylene are used today as tribological pairings in total knee arthroplasty. The major clinical problem is the wear of articulating partners and associated implant loosening. In order to assess the wear characteristics of knee endoprostheses preclinically, the implants are tested with wear simulators according to international standards. These tests are time and money consuming in cause of the prototype fabrication of a new knee endoprosthesis. For this reason, we developed a novel test device to simulate the rolling-slidingmovements of the knee joint. Thereby, new materials can be analysed by using simplified test specimens before the cost-intensive manufacturing of regular implant designs. Methods. The test specimens were composed of a metallic disc, acting as one condyle of a femoral component, and a wedge-shaped polyethylene component, simulating the tibial insert of the artificial knee joint. Combined through a kinematic chain, the implants performed a rolling-sliding movement. Additionally, resulting joint loads of the gait cycle in axial direction (max. 1300 N) and the lubrication of the joint by the use of serum fluid were applied. The linear movements of the kinematic chain and joint loads were applied by the use of electromechanical motors with a free programmable control unit. By means of liquid level and temperature sensors, the physiological conditions can be achieved and controlled.
Introduction
A major problem in today's total knee endoprostheses is the occurring wear of the sliding partners resulting from the rolling-sliding-movement during flexion and extension. High loadings during walking and especially during stair climbing and sportive activities have a major influence on the durability and the functionality of the implants.
To assess preclinically the wear characteristics of new materials, the implants are tested with the help of joint simulators in accordance with international standards concerning wear, fatigue and mechanical strength. These tests are time and money consuming in cause of the prototype fabrication of the new knee endoprosthesis. In 2010, Richter et al. [1] described a new wear test for specimens of simplified geometry under simulated rolling-slidingmovements according to knee endoprostheses. However, the physiological loading of the knee joint was not considered during static load application. A novel testing device should be developed to assess the materials of tribological pairings of artificial knee joints before the cost-intensive manufacturing of real implants.
Therefore, the rolling and sliding movements are simulated by application of physiological joint forces to reproduce preferably a physiological loading of the sliding partners of the artificial joint. By usage of test specimens with simplified geometries (Fig. 1) , an evaluation of new materials and surface modifications can be accomplished before manufacturing of new prototypes. Thus, an early estimation of the sliding and wear properties of new materials for tribological pairings can be carried out. 
Methods

Technical concept
The geometric simplified test specimens were composed of a metallic disc, acting as one condyle of a femoral component, and an inclined polyethylene component, simulating the tibial insert of the artificial knee joint.
Coupled by a kinematic chain, the test specimens perform a rolling-sliding movement. Additionally, resulting joint loads of the gait cycle in axial direction and the lubrication of the joint by the use of serum fluid were applied. The linear movements of the kinematic chain and joint loads were applied by the use of electric motors with a free programmable control unit. By means of liquid level and temperature sensors, the physiological conditions can be achieved and controlled during testing.
Motion sequence
The motion sequence begins in the lowest position of the disc (A) on the plane (B), when the stroke length of the lifting cylinder (C) is 0 mm (Fig. 2a) . When the cylinder starts the upward movement, the disc, which is secured against rotation, rolls up on the plane. Half of the cycle is accomplished, when half of the stroke length (55 mm) is achieved and the disc on the plane has reached the highest position ( Fig.  2b ). At this position (reversal point), the disc turns from rolling to sliding, equivalent to the human gait cycle. When the cylinder keeps moving upwards, the disc slides downwards the plane until the maximum stroke length (110 mm) is achieved and the disc stops in its lowest position (Fig. 2c) . Subsequently, the reverse cycle starts, when the cylinder moves downwards and the disc slides back upwards the plane. 
Testing procedure and load spectrum
The axial force acting onto the disc and the linear motion performing the rolling-sliding movement are applied by electric motors. The loads and movements of these cylinders can be freely programmed using an engineering pc with special software and the linked control unit. Execution and control of the testing procedures can be achieved with the help of a self programmed user interface.
The dynamic load application is in accordance with ISO 14243 [3] , adapted to the physiological joint loading during human gait cycle. Since the disc on the plane simply represents one condyle of a total knee endoprosthesis (unicondylar knee replacement), only half of the load is applied (max. 1300 N). The linear movement of the second cylinder works synchronously to the load application (Fig. 3) . According to the physiological knee kinematics, rolling between the disc and the plane takes place during a cycle time of 0% to approx. 55%, correlated to the knee flexion angles (up to 25°). Afterwards, when half of the stroke length is reached, the contact between the disc and the plane fades to pure sliding (knee flexion angles >30°).
In accordance with ISO 14243 [3] , the testing procedure passes through 5x10 6 cycles with a frequency of 1 Hz and the lubrication of the test specimens is implemented by the use of bovine serum. 
Test setup
The rolling-sliding test bed and the associated control unit were designed to work simultaneously with four test stations. At three stations the wear of the test specimens, as a result of the rolling-sliding mechanism, can be gravimetrically analysed. The fourth station should act as a reference to control the liquid absorption during loading (soak control), without rolling-sliding movements of the test specimens. Currently, only one test station is integrated into the rolling-sliding test bed (Fig. 4) .
(a) (b) Fig. 4 . Rolling-sliding test bed with control cabinet (a) and an enlarged view onto the testing station with electric motors, test chamber and mechanical connection elements (b).
Results
Wear rate
Wear analyses with common tribological pairing materials (cobalt-chromium-on-polyethylene) with two samples of an ultra-high-molecular-weight polyethylene insert were conducted as an initial test for the rolling-sliding test bed. The results of the gravimetric wear measurements after 2.5x10 6 cycles are shown in table 1 and figure 5. The measured values of both samples were corrected with regard to the mass increase of the reference (soak control). After 10 6 cycles the wear of sample I and II shows equal values, between 10 6 and 2.5x10 6 cycles it partly differs about 1 mg.
Tab. 1.
Results of the gravimetric measurements of the reference (soak control), sample I and II (standard polyethylene). 
Surface analysis
In addition to the gravimetrical wear measurements, the wear surfaces of the polyethylene samples I and II were measured and divided into different wear zones resulting from the rolling-sliding movement of the disc. Figure 6 shows light microscopy records of sample I using a 20x-magnification to analyse the polyethylene structure of the rolling-sliding surface before and after the wear test. According to the main wear zone 3, Figure 6c shows the largest penetration depth resulting from the highest loads during wear test. Figure 6b and 6d represent the reversal and start/end point of the rolling-sliding movement. 
Conclusion
The new developed test device is able to simulate rollingsliding movements of the knee joint combined with physiological loading conditions during gait cycle using test specimens with simplified geometry, able to represent any tribological pairing. The wear results of the polyethylene inserts after 2.5x10 6 cycles showed a good correlation to data of knee wear simulator tests from the literature [4] . New developments of bearing materials for total knee replacements can be manufactured easily in the required specimen geometry and thus analysed rapidly with this test device before manufacturing of complex knee prostheses components. Furthermore, the free programmability of the control unit enables to analyse worst cases with higher loadings, e.g. stair climbing, and to adjust the rate of rolling and sliding.
